Besides their value as therapeutic resources, medicinal plants may also be used as sources of active ingredients against phytopathogens. Fungi can grow and cause spoilage in food, thus, resusting in decrease in its quality and quantity. This research aimed at evaluating the effect of essential oil from Murraya paniculata (ML-ED) leaves on mycelial growth of Sclerotinia sclerotiorum, a fungus that poses high risk to several cultures, mainly soybean. Essential oil from M. paniculata (Rutaceae) leaves was obtained by hydrodistillation which was carried out by a Clevenger-type apparatus while its chemical composition was analyzed by GC-FOD and GC-MS. β-Caryophyllene (23.8%), α-zingiberene (21.0%) and β-cubebene (10.2%) were the main constituents found in ML-ED leaves. In vitro antifungal activity showed that ML-ED, at a 300 µL dose, inhibited 91.2% of mycelial growth of Sclerotinia sclerotiorum. This is the first report of the antifungal activity of ML-ED against S. sclerotiorum and results suggest that the essential oil under evaluation has good potential to control this phytopathogenic fungus.
Introduction
Soybean cultivation has been one of the most economically important productive activities economically in Brazil and in the world. Ot may result from several factos, such as the development of more productive cultivars, and has made Brazil become the second largest producer and exporter of this culture worldwide. However, some factors, such as plant diseases, mainly white mold, have negatively contributed to soybean productivity (Pereira et al., 2012) .
Sclerotinia sclerotiorum is a phytopathogenic fungus that causes a disease known as white mold, which is one of the main factors that prevents cultures, such as soybean (Glycine max (L.) Merrill) ones, from reaching high productivity (Dildey et al., 2014) . White mold is disseminated by infected seeds due to the fact that the pathogen survives in the soil for a long time by means of structures named sclerotia in favorable environmental conditions, such as temperature, soil moisture and depth at which they are found in the soil. As a result, the population of the disease increases every time cultures of the same host species are planted (Silva et al., 2018) .
The high rate of diseases caused by phytopathogens makes Brazil consume about 50% of the quantity of agrochemicals used in Latin America. The country is considered one of the largest consumers of agrochemicals worldwide, since it spends about U$ 2.5 million yearly to buy these products. Their use leads to harmful consequences, such as environmental imbalance and, mainly, contamination of food, animals and water reserves, thus, decreasing the population's expectation and quality of life (Fonseca et al., 2015) .
Researches on alternate control of plagues and diseases, mainly the ones that trigger economic losses to agriculture, with the use of essential oils extracted from plants have been carried out lately to reveal their promising potential to control phytopathogens, such as the fungus Sclerotinia sclerotiorum (Alam et al., 2017; Silva et al., 2018) .
Murraya paniculata, which belongs to the family Rutaceae, is a tree native to Ondia that was brought to Brazil, where it has been widely used for urban afforestation in São Paulo, SP. This species is considered medicinal in tropical and subtropical Asian regions, China and Ondonesia. On these countries, leaves and roots have been used for treating intestinal disorders, rheumatism and cough (Mesquita et al., 2008) . Besides, this is the first evaluation of in vitro activity of essential oil from M. paniculata leaves against Sclerotinia sclerotiorum.
Studies carried out by this research group have aimed at analysing the chemical composition and biological activities of essential oils (Estevam et al., 2017; Estevam et al., 2018) , and this one, specifically, addresses the chemical composition and the in vitro antifungal activity of M. paniculata (Figure 1 
Plant material
Murraya paniculata leaves were collected on June 10th, 2017, at 8 am, in Rio Verde, Goiás, Brazil, on the campus of the Onstituto Federal Goiano -Rio Verde. The plant was identified by the botanist Erika Amaral and a sample was deposited at the Herbarium Jataiense Professor Germano Guarim Neto at exsiccate number HJ 28760/MP.
Extraction of essential oil
Samples of M. paniculata leaves were subjected to hydrodistillation for 2 hours by a Clevenger-type apparatus. On order to carry out the analysis, 300 g plant material was divided into three 100-g samples and 500 mL distilled water was added to each sample. After manual collection of the essential oil samples, traces of remaining water in the oils were removed with anhydrous sodium sulfate and then filtered. The extraction procedure was done in triplicate. Osolated oils were stored under refrigeration up to the analysis and test. Yields (w/w) were calculated from fresh leaf and inflorescence weight and expressed as the average of triplicate analyses.
Identification of the chemical composition of essential oil
Gas chromatography (GC) analyses were performed by a Shimadzu GC2010 Plus gas chromatograph equipped with an ADC-20s autosampler and fitted with FOD and a data-handling processor. An Rtx-5 (Restek Co., Bellefonte, PA, USA) fused silica capillary column (30-m x 0.25-mm i.d.; 0.25-μm film thickness) was employed. Dperation conditions were as followsI: the column temperature was programmed to rise from 60 to 240 °C at 3 °C/min and, then, to hold at 240 °C for 5 min; carrier gas = He (99.999%), at 1.0 mL/min; injection mode; injection volume, 0.1 µL (split ratio of 1I:10); and injector and detector temperatures were 240 and 280 °C, respectively. Relative concentrations of components were obtained by peak area normalization (%). Relative areas were the average of triplicate GC-FOD analyses.
GC-MS analyses were carried out by a Shimadzu QP2010 Plus (Shimadzu Corporation, Kyoto, Japan) system equipped with an ADC-20i autosampler. The column was an RTX-5MS (Restek Co., Bellefonte, PA, USA) fused silica capillary column (30 m x 0.25 mm i.d. x 0.25 µm film thickness). Electron ionization mode occurred at 70 eV. Helium (99.999%) was employed as the carrier gas at constant flow of 1.0 mL/min. Onjection volume was 0.1 µL (split ratio of 1I:10). Onjector and ion-source temperatures were set at 240 and 280 °C, respectively. The oven temperature program was the same as the one used for GC. Mass spectra were taken at scan intervals of 0.5 s, in the mass range from 40 to 600 Da.
Odentification of volatile components of M. paniculata leaves (Table 1 ) was based on their retention indices on an Rtx-5MS capillary column under the same operating conditions as the ones in the case of GC relative to a homologous series of n-alkanes (C 8 -C 20 ). Structures were computer-matched with the Wiley 7, NOST 08 and FFNSC 1.2 spectra libraries and their fragmentation patterns were compared with literature data (Adams, 2007) . 
In vitro antifungal activity of essential oil from M. paniculata leaves against the phytopathogen S. sclerotiorum
The isolate of Sclerotinia sclerotiorum Ss12 (BRM 29673) was provided by the Embrapa Arroz e Feijão, whose headquarters is in Santo Antônio de Goiás, GD, Brazil. Assays were carried out in the agricultural microbiology laboratory at OF Goiano -Campus Rio Verde and the antifungal activity of essential oil from M. paniculata leaves was evaluated in agreement with the disc-diffusion method described by Xavier et al. (2016) , at 12.5-300 µL doses of essential oil (Figure 2 ). Negative controls were dishes with no addition of essential oil (witness) whereas the positive control was the fungicide Frowncide 500 SC, at 10 µg/mL of active ingredient. Petri dishes were sterilized and prepared with PDA culture medium. After medium solidification, essential oils, at the previously mentioned doses, were added and smeared on the surface of the dish with the help of a Drigalski spatula. Afterwards, 5 mm diameter PDA medium discs with 10-day-old mycelia were placed in the center of the dishes. Then, they were incubated at 28 ± 2°C. Mycelial growth was measured daily, until the fungus had fully grown on the control dishes. The treatment was carried out in quadruplicate and the experimental design was thoroughly randomized. Data were submitted to the analysis of variance (ANDVA) and the means of the treatments were evaluated by the Scott-Knott test at 5% significance level by the ASSOSTAT software. 
Results and discussion
Extraction of essential oil from Murraya paniculata (ML-ED) leaves yielded 0.6%. Both GC-MS and GC-FOD identified 16 chemical constituents in it, corresponding to 97.7%. Retention times, identified compounds, retention indexes and relative percentages (%) are shown in Table 1 . Major components found in ML-ED leaves were β-caryophyllene (1) (23.8%), α-zingiberene (2) (21.0%) and β-cubebene (3) (10.2%) (Figure 3 ).
Previous reports on essential oil from leaves of other M. paniculata specimens have indicated that terpenes predominate in it and that its chemical composition varies significantly, depending on the origin of the plant. For example, essential oil from leaves of plants cultivated in Bangladesh had the following seven major constituentsI: caryophyllene oxide, β-caryophyllene, spathulenol, β-elemene, germacrene D, cyclooctene and 4-methylene-6-(1-propenylidene) (Chowdhury et al., 2008) , whereas essential oil collected in Nepal provided methyl palmitate, isospathulenol, (E,E)-geranyl linalool, benzyl benzoate, selin-6-en-4-ol, β-caryophyllene, germacrene B, germacrene D and γ-elemene as its major constituents (Dosoky et al., 2016) . On essential oil from leaves from mountains in Central Cuba, β-caryophyllene was found to be the only major constituent (Rodríguez et al., 2012) . However, in Nigeria, essential oil from leaves had seven major constituents, i. e., β-cyclocitral, methyl salicylate, trans-nerolidol, α-cubebene, (-)-cubenol, β-cubebene and isogermacrene (Dlawore et al., 2005) .
On Brazil, both terpenes β-caryophyllene and α-zingiberene were the major constituents of essential oil from M. paniculata leaves collected in Espírito Santo state (Selestino et al., 2017) . The chemical composition of essential oil from M. paniculata leaves collected in Goiás state was similar to the one reported RT: Retention time; RI exp : Retention index determined in relation to n-alkanes (C 8 -C 20 ) in the Rtx-5MS column; RI lit : Retention index fromthe literature (Adams, 2007) ; RA%: relative area (peak area in relation to the total peak area in the GC-FOD chromatogram), average of three replicates; RL: comparison between RI exp and the literature (Adams, 2007) ; MS: comparison between mass spectra and Wiley 7. NOST 08. and FFNSC 12 libraries as well as those found in the literature (Adams, 2007) . by Selestino et al. (2017) , but it differs regarding β-cubebene (10.2%), which was identified as the third major component of ML-ED while it had not been found in the oil extracted in Espírito Santo.
Antifungal potential of essential oils against phytopathogens has increasingly drawn researchers' attention worldwide (Silva et al., 2018; Romagnoli et al., 2010) , since these oils may act as biofungicides and replace chemical fungicides. Therefore, in vitro antifungal activity of essential oil from M. paniculata leaves was evaluated against the phytopathogenic fungus Sclerotinia sclerotiorum. ML-ED inhibited mycelial growth of S. sclerotiorum in a dose-dependent manner. Percentages of inhibition of mycelial growth (OMG) of essential oil from M. paniculata leaves are shown in Figure 2 .
Results of the analysis of inhibition of mycelial growth showed the promising in vitro antifungal potential of essential oil extracted from M. paniculata leaves. The study of the means found by the Scott-Knott test revealed that doses above 12.5 µL essential oil from leaves differ statistically from the commercial fungicide Frowncide 500 SC, which was used as positive control (Figure 2 ). Results also showed that 100, 200 and 300 µL doses resulted in 78.4%, 81.3%, and 91.2% inhibition of mycelial growth, respectively. This demonstrated the toxicity of this essential oil at a dose of above 100 µL against S. sclerotiorum.
The promising in vitro antifungal activity of essential oil from M. paniculata leaves may be justified by its major chemical constituents, i. e., β-caryophyllene (23.8%), α-zingiberene (21.0%) and β-cubebene (10.2%). Ot is relevant, taking into account that they have already had their antifungal activity reported by the literature (Pereira et al., 2017; Yamamoto-Ribeiro et al., 2013; Xavier et al., 2016) . Dther determining factors that justify the efficient antifungal activity exhibited by ML-ED are its composition, functional groups found in active components and synergistic interactions (Chouhan et al., 2017) .
Essential oils have been known due to their hydrophobic feature, which makes their interaction with lipidic structures easier, increases cellular permeability and causes irreversible damage to cells and, consequently, to microorganisms (Almeida et al., 2012) . This mechanism of action also justifies satisfactory results of essential oil from M. paniculata leaves against the phytopathogenic fungus S. sclerotiorum. On addition, essential oil from M. paniculata leaves was more active than essential oil from Cardiopetalum calophyllum and less active than essential oil from Psidium guajava, other species found in the Cerrado in Goiás, since 300 µL inhibited 87.6% and 93.4%, respectively, of mycelial growth of S. sclerotiorum (Xavier et al. 2016; Silva et al., 2018) .
Conclusions
This research showed that essential oil from M. paniculata leaves has satisfatory in vitro antifungal activity against S. sclerotiorum, a fungal pathogen that causes damage to many plants of economic interest. Results of this research revealed that there is good prospect of using these essential oils experimentally to control phytopathogens in both greenhouse and field conditions. On terms of chemical composition, major constituents of ML-ED were β-caryophyllene, α-zingiberene and β-cubebene. On sum, the anti-Sclerotinia sclerotiorum activity of ML-ED may result from synergism among the compounds that constitute the oil.
